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Introduction
The mobile water hyacinth, which was produced in growth zones, especially
Murchison Bay, was mainly exported to three sheltered storage bays (Thruston,
Hannington and Waiya). Between 1996 and May 1998, the mobile form of water
hyacinth occupied about 800 ha in Thruston Bay, 750 ha in Hannington Bay and 140
ha in Waiya Bay). Biological control weevils and other factors, including localised
nutrient depletion, weakened the weed that was confined to the bays and it sunk
around October 1998. The settling to the bottom of such huge quantities of organic
matter its subsequent decomposition and the debris from this mass was likely to
have environmental impacts on biotic communities (e.g. fish and invertebrate),
physico-chemical conditions (water quality), and on socio-economic activities (e.g. at
fish landings, water abstraction, and hydro-power generation points). Sunken water
..
hyacinth debris could also affect nutrient levels in the water column and lead to
reduction in the content of dissolved oxygen. The changes in nutrient dynamics and
oxygen levels could affect algal productivity, invertebrate composition and fish
communities. Socio-economic impacts of dead sunken weed were expected from
debris deposited along the shoreline especially at fish landings, water abstraction
and hydropower generation points. Therefore, environmental impact assessment
studies were carried out between 1998 and 2002 in selected representative zones of
Lake Victoria to identify the effects of the sunken water hyacinth biomass.
Study area and Methodology
Two bays (Thruston and Fielding) in northern Lake Victoria were selected for
detailed monitoring of trends in representative biotic communities, selected water
quality parameters, and socio-economic aspects. Thruston is a sheltered bay with
an area of about 1,650 ha and maximum depth of 11 m. The bay accumulated water
hyacinth since 1994. Fielding is a semi-protected bay with a sheltered area of about
700 ha, and maximum depth of 7 m. This bay was periodically occupied by the weed
in transit, for less than ten days at a time and was not expected to have had large
quantities of sunken water hyacinth biomass. The bay was, therefore, used as
reference for comparison. Fish data sets generated by bottom trawling from Itome
Bay located in the same inshore region as Thruston Bay, which did not have much
resident water hyacinth were compared with those of Thruston bay to assess trends
in fish stocks in relation to water hyacinth infestation and collapse. Socio-economic
assessments were carried out at landing sites and urban lakeshore centres around
lakes Victoria and Kyoga. Field sampling was undertaken between 1998 and 2002.
Data on physico-chemical conditions (temperature, oxygen, nutrients) and other
water quality determinants (phytoplankton biomass) were collected alongside that on
invertebrates and fish. Throughout the study, replicate samples were collected from
sites representing overall conditions in each bay using standard techniques (e.g.
water sampling/testing kits, phytoplankton and zooplankton nets, ponar grab for
macro-invertebrates, graded multi-filament, multi-mesh gill nets for fish).
Impact on oxygen concentration
The observed temporal trends in dissolved oxygen measured just off the bottom of
the two experimental bays are illustrated in Fig. 1.1. In Thruston Bay, dissolved
oxygen concentrations progressively declined from January to November following
the sinking of large quantities of water hyacinth biomass. However, bottom water
dissolved oxygen concentrations increased to maximum concentrations of 5.5 mg L-1
in 2000 in Thruston Bay. This trend contrasted with observations in Fielding Bay
where dissolved oxygen concentrations were always significantly higher than in
Thruston Bay. In Fielding Bay, dissolved oxygen concentrations fluctuated between
3.5 mg L-1 and 5.5 mg L-1 during 1999-2000.
Impact on nutrients
Trends in soluble reactive phosphorus in relation to dissolved oxygen measured at
the bottom of Thruston Bay between November 1998 and May 2001 are illustrated in
Fig. 1.2. In Thruston Bay soluble reactive phosphorus concentrations increased to
maximum (> 60 /l g L-1) in concert to low (1 mg L-1) dissolved oxygen in November
1999 (Figs 1.1 a, & 1.2 a). This increase in phosphorus concentrations was likely
due to release by water hyacinth given the low bottom water oxygen in Thruston
Bay. The concentration of phosphorus in Lake Victoria normally peaks in August to
September due to deeper and stronger mixing.
Impact on algal productivity
The marked increase in available phosphorus (Fig. 1.2) from a mean of 10 J.!gL-1 to
70 J.!gL-1 from April 1999 to November 1999 stimulated increased algal biomass (as
chlorophyll-a) in Thruston Bay (Fig 1.3 a). Chlorophyll-a concentrations in Thruston
Bay increased between October 1998 and July 1999. This was followed by a decline
that was ended prior to maximum concentrations in November 2000 (Fig. 1.3). This
maximum was likely due to better light conditions given the shallower mixing depth at
this time of the year. In both Thruston and Fielding Bays, average chlorophyll-a
concentrations were similar (40 J.!gL-1) just after the collapse of the water hyacinth in
1998. After, there were no clear trend in chlorophyll-a concentrations in Fielding
Bay, while Thruston Bay's average values increased from 40J.!gL-1 to 60 J.!gL-1.
Impact on macro-invertebrate diversity
Trends in the species richness of macro-invertebrate in Thruston and Fielding Bays
after the sinking of water hyacinth biomass are compared in Fig 1.4. Two phases
(October 1998 to November 1999 and March 2000 to November 2000) are
identifiable in the trends in Thruston Bay. Overall species richness during the first
phase in the bay ranged between 5 and 7 while the variation during the second
phase was 8 to 11. The trends in species richness in Fielding bay consisted of a
single phase with a trend which fluctuated only slightly. The two distinct trends in
species richness of macro-invertebrates in Thruston Bay were probably influenced
by sunken water hyacinth biomass. The first phase corresponds to the period of
weed biomass dicomposition as indicated by the declining trends in dissolved
oxygen (Fig. 1.1).
Impact on in fish catches
The trends in the magnitude of total fish catch (using gill nets) in Thruston and
Fielding Bays are given in Fig. 1.5. Two distinct phases are discernible for Thruston
Bay. Total fish catch increased steadily between November 1998 shortly after the
sinking of Water hyacinth biomass, and November 1999, from about 75kg to
approximately 300 kg. The second phase (March 2000 to May 2001) showed a
drastic decline in total catch that fluctuated between 90 and 150kg. On the other
hand, the trend in the total catch from Fielding Bay varied very little (75-140kg)
throughout the sampling period. The rise in total fish catch from Thruston Bay could
have been due to increased re-colonisation of the bay productivity in the bay and to
increase contributed by rotting sunken water hyacinth.
The mean number of fish species recorded from Thruston, Fielding and Waiya bays
are given in Table 1.1. Among gill net catches, 19 species of fish (with
Haplochromine fishes regarded as a single taxon) were recorded from the three
bays. There was little variation in the mean number of fish species of the bays
throughout the sampling period (Table 1.2).
The impact of the infestation by water hyacinth on fish catch was also accessed
using historical trawl data. Table 1.2 shows the fish catches from bottom trawl
surveys since 1983 in Thruston Bay where hyacinth was permanently resident as
compared to Itome Bay which had no permanently resident hyacinth. In both
Thruston and Itome Bays, the fish species composition was high in 1982 before the
invasion by hyacinth and comprised about 10 species in each. After the collapse of
water hyacinth, only three fish taxa were recorded in trawl catches annually in
Thruston Bay. The presence and subsequent collapse of hyacinth seems to have
had a negative impact on the fish stocks. Whereas the trawl catch rates in Thruston
bay were higher (711 kg h-1 ) than Itome Bay (419 kg h-1 ) before the weed collapse in
1998, the catch rates of Thruston Bay were much lower 20-50 kg h-1 compared to
those of Itome Bay 200-221 kg h-1 (Fig. 1.6), after water hyacinth sunk.
However, variation in fish diversity in Thruston bay was significant with respect to the
period under sunken water hyacinth in comparison to the period after (Fig. 1.6). In
terms of weight, less than eight species in each bay contributed to at least 90% of
the biomass of fish during the sampling period (Table 1.3).
In terms of numbers, native species especially Haplochromines and Brycinus
together contributed at least 30% of total fish density. Just as with biomass, less
than eight species in each bay contributed to all the fish caught (Table 1.4).
There were localized deterioration in environmental quality, and a decline in species
richness in biotic communities which can be attributed to sinking of water hyacinth.
However, these changes seem to return to normality suggesting that the collapse of
hyacinth may not have long term effects. Experiments to monitor long-term trends in
nutrient dynamics will clarify on the dynamics of nutrients in sediments containing
sunken water hyacinth debris.
Socio-economic impacts of sunken water hyacinth
A socio-economic assessment of impacts of the sunken weed on fish production,
water transport, beach environment, water quality and health of fishing communities
was carried out in March 2002. Questionnaires were administered to 190
respondents at randomly selected but stratified landing sites and institutions around
lakes Victoria, Kyoga, Albert and Rivers Victoria Nile and Albert Nile.
Most respondents (76%) had encountered debris of water hyacinth, with the
exception of those at Kibuuko on River Kagera and 78% associated it with impacts.
Most of those who associated the weed with impacts, (55%) said it influenced the
fishery by affecting breeding (50%) and fishing grounds (41%). On lakes Victoria,
Kyoga and the Victoria Nile, most respondents (86%) said tilapia was the most
affected fish species since the debris occupied their natural habitats close to the
shoreline. On Lake Albert and the Albert Nile, most respondents (69%) said A/estes
spp was the most affected species because it does not occupy muddy environments
associated with the debris.
Most respondents (88%) said that the debris affected gillnets most by sticking on
them (61%). The gillnets became dirty, easily seen by fish, heavier and sometimes
got torn. This reduced the efficiency of the gears and increased maintenance costs
in that the debris had to be removed, nets cleaned, frequently repaired and replaced.
Most respondents (52%) said that long lines and hand lines were not affected. In the
few cases that were affected, the debris sometimes covered the long lines leading to
their disappearance and loss while the debris got stuck on hooks of hand lines. The
above effects on fishing gears, breeding and fishing grounds affected fish catches.
Most respondents (78%) said that the weed debris did not affect water transport.
The few (22%) who said that it affected transport, explained that sometimes debris of
sunken water hyacinth choked outboard engines.
Most respondents (85%) revealed that the debris affected beach
environment/surrounding whenever winds accumulated it at the shoreline. This
made beaches muddy (83%), blocked boats from landing (11%) and made it difficult
to draw water (6%). They explained that a cost had to be incurred in that
passengers, their property and fish had to be carried in order to avoid the muddy
•
water.
Most respondents (47%) revealed that they depended on the lake and river as the
main source of water for drinking and other domestic uses. Most respondents (95%)
however, reported that the sunken weed affected water quality by making it muddy
(41), contaminating it with debris (38%), giving it unpleasant odour (14%) and
changing its colour (8%). It was difficult to draw water at the shores and a cost was
incurred to hire somebody to draw water offshore using a boat and sometimes to go
to alternative sources such as wells, taps, boreholes and springs which in cases
were located far away.
Most respondents (63%) reported that the debris of sunken water hyacinth was
associated with vectors and diseases especially snails (52%), worms (46%) and
mosquito larvae (2%). Bilharzia (52%), diarrhoea (23%), skin rush (20%), malaria
(3%) and abdominal pain (2%) were the most prevalent diseases and these could be
associated with deterioration in the environment due to increased debris.
Management at Entebbe Water Works explained that they had not faced any
problems caused by the debris of sunken water hyacinth. Water is harvested
offshore to avoid any debris at the shoreline. However, at Lido beach, when the
winds blew the debris to the shoreline, the beach became muddy limiting swimming
and other beach games. Management of Uganda Railways Ferry Terminal at Port
Bell, and Nalubaale and Kiira Dam in Jinja also reported that the debris of sunken
water hyacinth did not have any impacts on their docking and power generation
activities, respectively.
Table 1.1. The mean number (:!:: SE) of fish species recorded from Thruston, Waiya
and Fielding bays after sinking of hyacinth (1998/99) and (2000/2001)
Period of sampling Bay
Thruston Waiya Fielding
Nov. 1998 to Dec. 1999 11:t1 12:t 1 10:t1
March 2000 to May 2001 11:t1 12:t1 12:t2
No. of times sampled 11 6 6
Table 1.2. Bottom trawl catch composition from Thruston and Itome Bays between
1993 and 2000.
< Percentaqe catch composition (by weiqht) >
Standard Lates Oreochrom Synodo Syno
Period n Kg hr" error niloticus is ni/oticus Hap/o. ProtOf). C/arias T.zillii afro. victoriae
a). Thruston Bay
1993 14 198.20 10.20 98.10 1.50 0.40
1994 3 125.34 22.50 98.10 1.50 0.40
1995 3 62.94 6.00 95.36 4.63 0.01
1996
1997
1998 5 20.20 4.92 96.70 3.10 0.20
1999 5 50.22 25.10 96.40 0.03 3.53 0.04
2000
I(b). Itome Bav
1993 2 25.18 20.10 95.99 3.97 0.04
1994 5 77.76 14.20 42.54 5.79 0.44 1.03 0.41 28.31 21.48
1995 6 35.93 25.10 97.51 2.48 0.01
1996 2 67.90 44.70 67.38 32.47 0.15
1997 6 148.29 28.80 90.63 8.69 0.61 0.03 0.04
1998 23 157.88 21.50 87.10 12.83 0.07
1999 15 199.50 24.20 80.09 17.19 2.19 0.52 0.01
2000 21 221.90 25.30 84.92 10.07 0.22 4.53 0.25 0.01
Table 1.3. The relative abundance (percentage by weight) of fish species in
Thruston, Waiya and Fielding Bays between 1998 and 2001
Species Thruston Waiya Fielding
1998/99 2000/2001 1998/99 2000/2001 1998/99 2000/2001
Lates niloticus 39.4 19.9 40.7 45.1 28.9 39.9
Oreochromis niloticus 17.8 18.9 23.0 10.3 50.2 28.7
Haplochromines 27.6 18.4 3.4 4.1 2.8 3.6
Brycinus 0.8 7.0 2.5 6.2 2.1 3.2
Astatoreochromis 2.0 3.1 1.3 1.3 0.7 1.6
Protopterus 7.1 26.2 24.9 26.6 13.6 16.4
aethiopicus
% Contribution by 94.7 93.4 95.8 93.6 98.3 93.4
weight
No. of fishings 6 5 2 3 4 3
Table. 1.4. The relative abundance (percentage by numbers) of fish species in
Thruston, Waiya and Fielding bays between 1998 and 2001
Thruston Bay Waiya Bay Fielding Bay
Keystone Species 1998/99 2000/2001 1998/99 2000/2001 1998/99 2000/2001
Lates niloticus 21.0 18.0 41.0 34.0 37.1 44.0
Oreochromis niloticus 7.7 6.6 9.9 3.6 25.5 11.7
Haplochromines 58.4 40.8 14.0 15.0 16.1 17.4
Brycinus Spp 4.0 22.2 26.0 37.0 12.9 17.6
Astatoreochromis
alluaudi 2.7 3.3 2.3 2.4 2.3 3.0
Protopterus aethiooicus 0.8 2.3 2.5 2.9 2.5 2.4
%Contribution to total
Numbers 94.5 93.2 95.7 94.9 96.4 96.1
No. of Fishings 6 5 5 3 4 3
Oil-_.
:iE~
w .•..•.- .CD ....•...., .
Dissolved oxygen in mg/L
Mar- 0 (..) en
99 ~
Dissolved oxygen in mg/L
o
Jan-99
::T--l'<...,
W CDQ. :J
:Jo.sten
:J
a.u;'
en
o
<CDa.
o
~
CO
CD:J
o
=t::-::T
CD
c-
O
::t:o
3
o--l::T...,
Cen-o:J
OJ
W
'<
W
:Ja.
IlroO
a.
:Jco
OJ
w
'<
enoo:J
W
;::P
CD...,
en
:J
~
:Jco
Jul-99
Nov-
99
:s:
o~..•
::r
en
en
III
3
"0
CD
Co
Mar-
00
Jul-OO
Oct-
00
Apr-99
Jul-99
Nov-99
Mar-DO
Jun-OO
Nov-DO
May-01
--I
::r..,
s::en..•o~
OJ
III
'<
..
t
•
70.00
60.00
..J
Cl
::l
.5 50.00
til
:l..o
.g, 40.00
til
o.c:
c.
.~ 30.00-U
l'll
~
:E 20.00
:l
'0
tJ)
10.00
0.00
co
Cj)
->o
Z
••
Cj)
Cj)
l:
l'll.,
Cj)
Cj)
..:
c.
<C
Cj)
Cj)
"5.,
Cj)
Cj)
~
Z
o
o
..:
l'll:i:
•
oo
c:
:l.,
oo
->o
Z
•..
o
>.
l'll:i:
Months sampled
Fig. 1.2. Trends in soluble reactive phosphorus measured at the bottom of Thruston Bay, Lake Victoria after
the massive sinking of water hyacinth.
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Fig. 1.3. Trends in algal productivity Chlorophyll-a in concentrations of Thruston and Fielding
bavs after sinkina of water hvacinth.
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Fig 1.4. Trends in species richness of macro-invertebrates in Thruston and Fielding Bay in
Lake Victoria after collapse of water hyacinth.
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Fig. 1.6. Trawl fish catches from Thruston and Itome bays before, during and
after water hyacinth collapse.
